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Artificial  aurora 

llockE'tborne  electron  accelerator 
Infrared  atmospheric  omissions 


70  abstract  ^ConfinuA  on  rAv«r«A  Aid#  t!  ntfwmmry  And  tdmrtlHy  by  block  numb*rl 


EXCEOK  is  a program  dCpSigned  to  .study  atmospheric  infrared  t*missive| 
processes  induced  by  a rocketborne  ebictron  accelerator  in  the  altitude 
range  80  to  140  km.  The  primary  scientific  interest  is  the  investigation  of 
the  detailed  production  and  loss  processes  of  various  excited  electronic 
and  vibrational  states  resulting  in  optical  and  infrared  emission  as  ener- 
getic primary  electrons  and  their  secondary  and  all  subsequent  generation 
electrons  are  stopped  in  the  atmosphere.  The  electron -induced  optical  and 
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D»tm  Ent9rmd> 


^infrared  emissions  simulate  natur:d  auroral  processes  with  the  very  signi- 
ficant advantage  tliat  the  dosing  conditions  of  electron  energy  and  power, 
deposition  vt)lume  and  altitude,  and  dosing  duration  are  parameters  that 
may  i)C  controlled  aiid  monitored.  To  date,  tlirc-e  payloads  (lave  l)een 
launclH'd  in  the  KXrKDK  series  of  artificial  auroral  experiments.  The 
program  status  is  reviewed  and  a follow  on  ('xperiment,  KX<M';i)K  II,  is 
ilescrihed.  Iloth  rocktd -based  an<I  ground-based  imaging  and  spectro- 
radiometric  msti-urnents  are  proposed.  The  fc'asiliility  of  the  scientific 
approach,  the  magnitude  of  the  atmospheric  emissic)tis,  the  capabilities  of 
ground-suppoi-t  systems,  atnl  the  engineering  design  of  the  [imposed  experi- 
ment are  extensions  of  the  technology  base  established  in  tfie  earlier 
KXCKDi;  launches. 

\ 


Preface 


I'ho  II  oxporiment  dcvscrilicU  in  tlii.s  report  tias  evolved  from  th<‘ 

earlier  launches  iti  the  proftrani  wliich  involved  numerous  participants  repre- 
senting; various  agencies  and  contractt)rs.  Significant  contril)Utions  to  the 
experimental  approach  were  made  in  K.  McKenna,  U.  \arcisi,  I).  Newell, 
li.  K.  Iluppi,  .1.  Sandoek,  and  .1.  Ka.Spina  of  Al'CII.,  K.  Allen  of  Space  Data  Corp.  , 
•I.U.  Carp('nter,  VV.  lieidy,  ando.  Sheplierd  of  \isidyne,  Inc.,  I'.  Ilien  and  M. 

( amac  of  Aerodyne,  Inc.,  I).  Hurt,  K.  Maker,  I).  Maker,  (1.  I'rodsham,  and 
.1.  Kemp  of  I tall  State  I niv('rsit\,  I).  Ilanst'n  and  M.  .Scluiler  of  II.S.S,  Ine.  , 

\V.  Moquist  and  .1.  I'itzgcrald  of  TK:,  Inc.,  T.  Neil  Davis,  .Ir.  , N.  Mrown,  and 
T.  Mallinan  of  the  I niversity  of  .Alaska,  I.  K.  Kofsk>  of  I’hotomelrics,  Ine., 

II.  Mitclicll  of  11  and  D .Associates  and  II.  C.  I'itz,  .Ir.  and  l.ieutenant  Commander 
C.  Tliomas  of  DNA.  The  efficiency  and  assisttince  of  Ms.  Cloria  I'oss  in  the 
preparation  of  this  report  is  gratefull\  acknowledged. 
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Excede  II 


I.  IMKODM.riON 

i;.\CKU!C  is  a DNA/ Al'CI . program  dpsigned  to  study  auroral  infrared 
emissive  processes  using  a rockethorne  electron  accelerator  operating  in  tlie 
altitude  range  80  to  140  km.  The  concept  of  using  a rocketborne  electron  accel- 
erator in  an  artificial  auroral  experiment  was  initially  proposed  by  Dr.  A.  I'. 

Stair,  Jr.,  of  in  1071.  The  primary  scientific  interest  is  the  investigation 

of  the  detailed  production  and  loss  processes  of  various  excited  electronic  and 
vibrational  states  resulting  in  optical  and  infrared  emission  as  energetic  primary 
electrons  and  their  secondarj’  and  all  subsequent  generation  electrons  are  stopped 
in  the  atmosphere.  In  the  proposed  artificial  auroral  experiment,  the  dosing 
conditions  of:  electron  energy  and  power,  deposition  volume,  deposition  altitude, 
and  dosing  duration  are  parameters  that  may  be  controlled  and  monitored.  In 
natural  aurora,  these  excitation  conditions  must  be  inferred  and  the  observed 
atmospheric  emissions  typically  are  effects  integrated  over  a range  of  conditions 
(eletrt  roti  energy,  electron-flux  density,  altitude,  and  dosing  time).  Observations  of 
these  integral  effects  make  i nteiqiretation  of  o[)tical/ infrared  emissions  in  terms  of 
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l)ariic’  production  and  U»s.s  procu'ssc.s  (‘xcccdinj^lv  comph'x.  At  pr'oscnt,  con- 
sidcralilc  unccrtaint\  exists  in  tlu'  intcrl>rclalion  of  auroral  optical  and  infraiaui 
emissions  inclu<lintr  sucli  a u-oll -studi<‘(i  rcalurc  as  tlu'  aurorai  crccti  line, 

()(*S)  I >77  A emission.  * ' 

J I'KtU.K  \M  'I  \l  I ' 


I'o  date,  three  pa>  loads  liave  l)een  launciied  in  the  KXCliDli  serif's  of 
artifieitil  aurf'ral  exp(?riments.  Tiie  present  document  IfriellN  reviews  the  pro- 
j^ram  status  and  descrilu's  a proposed  lV>llow-on  experiment.  I'he  initial  tiiree 
launciu's  in  the  liVCIiUl.'  program  are  oummarizf'd  in  Talde  1.  Tlie  feasil)ilit\ 
of  tlie  concept  lias  heen  demonstrati'd  liy  two  etiftineerinn  test  launclies  desipmated 
IMtKt  I.IM:  (1  kV,  1 \)  launched  on  17  Octolier  1!»71  from  Wliite  .Sands  Missile 
Ittmp'e,  N.  M.  and  i:\(  i:i)i;  11  lest  (:ik\’,  10  A)  launched  from  I’oker  l lat,  .Alaska 
on  Id  April  107  i.  ,\n  experiment  (i;\Ci:i)i:  SWtl!)  ineludini'  photometers,  lifiuid- 
rntropen  cooled  radiometers,  and  an  ion-mass  spectrometer  as  i-ockei -based 
diagnostic  instruments  has  heen  successfulK  flown  at  I’oker  Flat,  Alaska  on 
20  l ehruar>  1 !'7f>  to  determine  principal  production  m(,'ch:uiisms,  reaction  rates, 
and  infrared  photon  >i<dds  for  \<  > and  \<  > infrared  chemiluminescent  processc's. 
The  dettdled  experimental  appro.'ich  in  the  FXt'FDF:  SUll!  launch  is  |)resented 
h\  I FN.  il  et  al.  . 1 07:’., 


1.  Hees,  \1.  11.  and  .lones,  H.  .A.  (1  073)  Time  dependent  studies  of  the  aurora-11. 

Spect roscoinc  morjiholope  , I'lant't.  .Sp.'ice  .Sci.  21:1213. 

2.  -Uidue,  It.  r.  H.  (1072)  Flectron  excitation  and  auroral  emission  parameters, 

I’lanet.  Space  Sej^  211:20111. 

i.  Hanks,  I’.M.,  Chappel,  F.H.,  and  Xa^N  , A.  1 . (1  07  1)  A new  model  for 

interaction  of  auroral  electrons  with  the  atmosphere:  Spectral  degrada- 
tion, h;ickscatter,  optical  emission,  and  ionization,  (ieopliN  s.  Ites.  7'» 
(\o.  101:14  .0. 

1.  Kees,  M,ll.  andl.uckey,  1).  ( 1 074)  Auroral  electron  energy  derived  from 
ratio  of  spectroscopic  emissions;  1.  Model  compulations,  .1.  (leophys. 
lies.  70  (No.  34); .71111. 

.7.  .Slanger,  T.C.  and  lilack,  C.  (1 073)  0(* S)  (luenching  profile  between  77  and 
117km,  I’laiiet,  Space  Sci,  21:1777. 

().  (t'Ni-il,  H.K.,  I.ee,  Huppi,  F.  K.  , and  Stair,  .A. '1  . . .Ir.  (1073) 

I’rfjject  FXC  1 .1 ) I a SWIK  Fx  peri  men  t , .AFCHl  .-'1  H-73-01  72,  Fnvironmental 
Itesearch  Papers,  No.  437. 
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Table  1.  Project  KXCKUi;:  Status 


Kv<>nt 

I .riunch 

Nominal 
1 'owei- 

lixperiment 

Altitude 

Rang(' 

Summarized 

Results 

I'RKCKDi; 

17  Oct  1974 
WSMRI^ 

2 kVV 

(2.  OkV,  O.H  A) 

HO  to  lliOkm 

Measured  small 
vehicle  potentials, 
excellent  ground 
liased  optical 
measurements 

i;xc:i-;i)r,  ii 

Tf’st 

1 .1  Apr  197  9 
IM  RR#« 

:io  k\\ 

CikV,  10  A) 

1 1 0 to  1 37  km 

Rocket  based 
photometric  and 
radiometric  data 
and  ground  based 
optical  support 

i:xci;di:: 

SWIR 

2H  leb  1970 
IM  RR«>!< 

3k\\ 

(3kV,  1 A) 

!i0  to  99  km 

Heavily  instru- 
mented payload 
and  the  optical 
ground  support 
systems  realized 
good  data 

’’•‘VVSMH,  VUiito  Sands  Missile  Range,  New  Mexico. 
**l’rKR,  I’oker  I'lat  Rocket  Range,  Alaska. 


( I’KKCKMK 


I'he  initial  launcli  in  tlie  KXC’KDK  program,  designated  I’RKCKDK,  was 
a Nike  Mydac  Rocket  (KX  -107.41-1)  instrumented  with  a 2-kW  (2.  !ikV,  0.  fi  A) 
electron  accelerator  launched  at  10:20:00  UT  on  17  October  1974  from  Wliite 
Sands  Missile  Range.  This  flight  was  an  engineering  test  of  the  electron 
accelerator  to  be  subsequently  used  on  the  heavily  instrumented  KXCK1)K:S\V1R 
experiment.  The  electron  source,  stjuare-wave  modulated  at  0,9  Hz,  was 
initiated  at  OSkm  on  payload  ascent  and  continued  through  apogee  (120km)  to 
a descent  altitude  of  approximately  fiOkm,  operating  for  an  interval  of  IHO  sec. 
The  payload  was  launched  from  north  to  south  so  that  the  electron  beam  was 
deposited  along  the  geomagnetic  field  above  the  payload  (figures  1 and  2).  The 
trajectory  for  the  PRKCKDK  launch  was  in  the  plane  of  the  magnetic  declination, 
12’  oast,  and  the  Tiff  optical  station  was  located  to  observe  the  payload  along 
the  magnetic  field  at  approximately  1 10  km  during  payload  descent.  In  this 
configuration  the  electron  deposition  volume,  constrained  along  the  magnetic 
field,  presents  a minimal  source  size  for  the  photometric  and  spectrographic 
instruments  located  at  the  Tiff  optical  station.  The  Denver  and  Cloudcroft 
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l imn't'  I.  W!iit (•  Sancis  \li.ssi!<  Uan^o, 
\f\v  \W'\i(*o,  Imiicatinj:  the  Tra.U'ctorv 
of  the  Laiiiu'ii  and  tiu*  l.uca- 

tiofi  of  I'hr<‘f'  <>|)ti('al  (»routuf  Stations 


PRtCEDE 

T 


TMAJtCTOHY 


5kV 
ELfCTftON 
HANOI 


0 WSMH 
" MACNFTIC 
INCLINATION 


ELECTHON 
BEAM  J 
INITIATES  7 


I7kip 
ifzk* 

05k» 
OOOkw 


\ BEAM 
\TEHMINATFS 


TIFF 
OPTICAL 
SITE  0 


' L.  J 

0 20  40  CO  80  100  120 

RANGE  (kml 


l-'if,air('  2.  I'htiht  I'rofilo  of  (ho 
1 M<i;(  M : I )!■;  I.aunch  Inilicatinii  tin' 

( 'alculati'd  Practical  liant'c  of 
a kV  Klcctroiis  Alouft  the  Mattiictic 
I'ickl  and  tlic  Viewint,'  Aspect,  of 
the  linatje  Iiiti'nsified  Kpectroyraph 
and  tile  Two-Color  Telephotometer 
I. orated  at  the  Tiff  (iptical  Site 


■Station.-:  contained  varioii.-.  camera  s\. stems  to  record  tlu'  elei  i ron-mdiiei>il 
atmospheric  himineseenct-  with  viewinf>  a.speet.s  arraiif>ed  to  imaire  rtiditmee  .lone 
the  iiuignetie  field  :md  record  the  size  of  electron -excited  at mos|)liere.  ( )ii  hoard 
mea.siiremeiits  included  moiiitor.s  of  I’lectron-heam  voltatje  and  l■•lrrenl  and  a 
retai-diiit'  (lotential  unaltzer  to  determine  (larticle  flii.x  and  \ehicle  fioteiitial 
I'lfiiire  2.  a montape  of  I’HI  t'KDK  l)holot;r;i|)h.'-;  from  Demi'i-  oiilical  site 
(see  ripure  1),  i.s  an  illustration  of  the  overall  dimen.sions  of  th<'  electron  l»  am 
as  a function  of  altitude.  In  I ipure  1 ns  pivi'ii  in  preaier  spatial  detail:  the 

eleetron-he.am  eiu'rpy  defiosited  above  tlii'  pa\load  aloiu'  the  magnetic  field,  the 
relativelv  faint  electfoii-lieam  luminesci  iice  hc-low  the  |ia>  load  du('  to  hack- 
scattered  electrons,  and  a hriplit  chemilumiiu  .-,v  eiit  wake  tangential  to  the  pa>  load 
t ra.iei-tors  due  to  rockid  proliellants  (aluminum  or  aluin.iiuni  compounds)  tvai-tiiip 
with  atmos|)heric  atomic  oxvpen.  I- ittui’e  I,  provided  h\  tie  Cloudcroft  optical 
station,  was  taken  with  an  iinape  orthicoit  system  and  represents  an  inteyi-ation 
of  several  seconds.  All  three  optical  pround  stations  used  radar  controlled 
instrument  mounts  which  located  and  tracked  the  payload  within  1 -arc  min  for 
the  duration  of  the  e.xperimont.  The  precise  trackiiip  of  the  optical  mounts 
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PRECEDE  EXPERIMENT  17 OCT.  1974  WSMR 
2 5kV,  0.76  AMPERE  ELECTRON 
ACCELERATOR 

CAMERA  300mm  f09  OELFT- 
HASSELBLAO 
film  kodak  2485 
LOCATION  RADAR  TRACKED 
OPTICAL  MOUNT  AT  DENVER  SITE 


OISIANf.!  AiUNC  MAi,»« Tl 
f IfiO  lSOK>THi 


ALTITUDE  120km  ASCENT 

16  SEC  EXPOSURE 


AAU 

ALTITUDE  108  km  DESCENT 
5 SEC  EXPOSURE 


ElA  .KSCATUPfD 
IdORuNs 


Hiilll.  P-ic.r. 

fnl  1 n t. . 1 U',  In<  . 

‘T  «ii  1 1.  .t  4lt • 


altitude  102  kr.  DESCENT 
2 SEC  EXPOSURE 
BEAM  length  0 4km 


I oit'c  l'hutoL>i'.'i|)h.-;  Taken  h\  'l'I(  . Inc.  of  Uedfot-fi,  Ma.s.- 
■ I )en  . ' r I IJII  teal  .Site 


.'ilL'.-.e'l  the  (jriiun<l-ha-;'-<l  i n;a(.'ini,'  .s\.ste-ii  an  imuL'e  inten.sified  .-ijieclro- 
l:  .ipli  and  tli<‘  t<devi.sion  :md  film  camera.s,  to  effoctiv(d>  utili/a'  expo.sure  tin  e.- 
a.-.  lotiL  a.-i  20  .see.  l or  the  .spatial  resolut,  .1  of  li  e iinairinji'  -systi'iiis  and 
the  Tackint  iina  ision  of  the  optu  al  mounts,  effeotne  expo.sui'e  tmie.s  were 
determinetl  hs  the  .shutter-open  pi'riod  ratin'r  Ilian  h\  the  focal-plane  imaue 
smear. 

I iie  I'll  I d '1 . 1 d ! lauiudi  I r.i  leetorv  wa.s  configured  stieli  that  the  <dect  ron 
heam.  ori (.1  mat  1 im  from  the  nose  of  the  pa\lo;ul,  was  d"po.sitcd  abovi’  the 
\ehi(de  alonj;  the  inaL’netii  field  without  the  use  of  an  attitude  control  s\stem. 
The  nominal  |)ilch  alible  raufjed  from  1 .T  to  2 i dett  dtirint;  the  I'Xperiment  and 
.'.as  2.1  dej,'  lor  the  etisi  represented  in  l'if;ure  1.  I'he  dimensions  of  electron 
r;in(;e  anri  radial  scatter  mdieated  in  rieure  .1  and  4 are  in  f/ood  aft femiHUil  with 
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llic  calcnlat  ions  of  cd  al.  , ' ' '*  wliir-h  wci'O  im'tiaU'it  in  support  of  tho  rockot- 
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l)ornc  elect  ron-uoccirrator  expenmenl  of  lli'ss  et  al. 


1.  I \(.I,IU.  II  IT.S1 

riie  .second  launch  in  the  i :\( ' K I )!•:  program  eon.si.sted  of  a Castor  rocket 
(('7  '-1)  instrumented  with  two  electron  .accelerators,  photometi'rs,  IH  radio- 

nietei's,  instruments  to  measure  (t.artjele  flux  and  veliicle  potentitil,  and  I, -band, 
I’-band,  and  S-band  transmitters  launched  from  I’oker  l-'lat  Uesearch  Kange 


7.  Merger,  M..I.,  Seltzei-,  S.M.,  tnul  Maetla.  K.  (1  h70)  Knergy  <U‘|)osition 
bv  auroral  electrons  m the  atmosphert',  .1.  Atmos,  anil  Terr.  I’hys. 

42  (,\o.  G):10rp. 

11.  Merger,  \l..l.,  .Seltzer,  S.M.,  and  \laeda,  K.  (l!)74)Home  ni'W  results  on 

electron  Iransfiort  in  the  atmosphere,  .1.  Attnos.  ;ind  Terr.  I‘hys.  46:a!'l. 

!i.  Hess,  W.N.,  Ifichel,  M.C.,  Mavis,  I'.N.,  Meggs,  W.C.,  Kraft,  C.  K., 

Stassitioponlos,  K.,  and  Maier,  |■:..^H.  (I  !)7 1 ) .Artificial  aurora  exfieriment: 
lixperimetil  and  principal  results,  I.  (leoi)hys.  Hes.  7(>  (No.  2ri):ri0fi7. 


at  0!l:4ri:00  I T uti  1 Aiiril  I ;i7  i dui'inn  a period  of  low  auroi  al  acl]vit\.  The  t wo 
electron  aeeelertitors  itiadvertently  pulsed  mdependenll\  with  a (n-ak  power  output 
of  :iOkV\.  The  accelerators  were'  activated  at  lOOkni  and  operated  tliroutih  apoyee 
(i:i7kni)  for  a period  of  100  sec.  (Iround-hased  instrumentation  included  a le|e- 
photometer  measurinfj  .'!!)I4  and  ~^~ul  A emission  and  four  low-linht  television 
systems  sitiiateil  at  selected  gP'>Kraphical  positions  with  respect  to  the  rocket 
trajectory.  The  optical  ground  stations  manually  tracked  the  artificial  aurora 
with  the  television  systems.  Iladio-freiiuency  transmission  measu remmits  indicate 
eh'ctron  densitv  in  the  vicinitj  of  the  rocket  was  on  the  order  of  10**  electrons 
cm  I’eak  radiance  values  measured  by  the  coaliKiied  rockethorne  photometers 
and  radiometers  were  at  .'1014A,  I .IIMII  at  .').i77A.  44  Mlt  at  2.7^m,  and 

t.  4 Ml!  at  4.  am.  The  pa\load  design  is  given  b'.  .Shepherd  et  al. 


")  >WIK 

The  KXCKDlb.SW  II!  rockethorne  e lect rf>n -accelerator  experiment  was 
successfully  launched  from  I’oker  I'lat,  Alaska  on  211  February  107fp  at  0.'>  hr: 

40  min:  40  sec  into  a quiet  night  atmosphere.  A Sergeant  rocket  engine  (vehicle 
number  i:\  0,10.  42-1)  carried  the  22-in.  diameter  1700-lb  payload  to  an  apogee 
of  t'hkm.  .A  2-kU  (2k\',  1 .A)  electron  beam  was  initiated  at  approximatelv  hOl.m 
on  pa\  load  jiscc'nt,  continued  through  apogee  and  survived  to  .ipproximateh  7r)km 
on  (layload  descent,  providing  a total  experiment  time  of  a|)[)roximately  100  sec. 
Atino.' pheric  emissions  induced  by  the  pulsed  beam,  sipiare-wave  modulated  at 
0.  >llx,  were  readily  recorded  by  rocket-based  photometers  and  liquid-nitrogt'n 
cooled  radiometers  as  well  as  by  ground-based  television  and  telephotometer 
instruments.  With  one  minor  exception,  all  payload  instrumentation  functioned 
as  designed  including:  the  pulsed  electron  accelerator,  all  22  I'V  and  visible 
[ihotometers,  10  of  12  liquid-nitrogen  cooled  radiometer  data  channels  (one  dual- 
channel instrument  failed  prior  to  launch),  and  the  positive  ion-mass  spectro- 
meter. The  ground-based  systems,  low-light  television  and  dual-channel  tele- 
photometer, recorded  excellent  data.  Preliminary  results  of  this  launch  are 
summarized  by  O'Neil  et  al.  * * 


10.  Shepherd,  O.  , Carpenter,  .I.W  . , lieidy,  VV.  P.  , Sheehan,  \V.  A.  , and 

/^ehnpfeunig,  T.  K.  (107,'i)  The  De.sign  and  I'light  I'est  of  a 30  kw  llocket- 
Itorne  lllectron  Accelerator  Module  (K.XCKDl"  tl  Test)  MAKS  Heport  No.  22, 
AI  t:iiI.-TK-7r.-0370. 

11.  O'Neil,  K.l!.,  Stair,  A.T.,  Jr.,  Plwick,  J.  C,  , Hurt,  U.  , and  Narcisi,  H. 

(1070)  KXCKI)K:.S\VIH  experiment,  tA<ick  I ,ook  Data  Heport. 
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-\.s  part  of  tlio  initial  (l('sit;n  studv  , a theoretical  estimate  “ of  the  tmie- 
ilepeiulent  vetiicle  potentitJ  indicated  a steads  state  potential  on  tlie  order  of  .1 
few  tens  of  \olts  positive  for  the  ('xpi'rimentul  conditions  applicahh-  to  the  pro- 
posed I’KPt  I.Di:  lanncli.  The  time-dependent  calculation  shows  an  oscillator', 
vi'hicle  potential  of  several  hundred  volts  which  converyes  to  the  small  positive 
steads  state  potential  within  approximatelv  JOjsec.  The  dischari;e  eiechamsm 
is  the  return  to  the  vehicle  skin  of  secoudars  electrons  produci-d  lis  loin/ation  of 
till'  .iinhienl  atmosphere  hs  the  en<>r>;etic  primary  hcam.  Measured  stea<h  state 
vehicli'  potentials  increase  with  altitude  as  the  beam-induced  electron  densits 
decreases  with  atmospheric  dinisits'.  l or  the  conditions  of  the  I'l!  I i( ' I ' 1)1 ! launch, 
heam-indneed  electron  densities  on  the  order  of  10*  to  10'*cm  ’ were  estimated 

at  1 0 1 km  ((i'Ni'il  et  al.*'S.  The  retardint;  potential  aiials/i'r  results  of  the 
I’h’Kt  ld)K  lanncli'  ' ' confirm  the  prenittht  steady  state  theoretical  estimate  of 
vehicle  potential  s'.  ith  a measured  value  of  less  than  ' 1 JO  \'  at  I JO  km  aial  less  than 
• 1 7 \'  at  00km.  The  i:.\('i:i)K  11  test  nittlit  indicates  a vehicle  potential  of  less 
than  tJ00\'  hut  is  an  upper  limit  vtilue  due  to  an  instrument  malfnnctiun.  In  the 
I ;\(  1;  1 )K:SU  I li  launch  the  posit  ive-iori  mass  spc-ctrometer  of  Dr.  \arcisi  of 
.■MCI.  included  a bias  plate  at  the  instrument  samplliif;  point  maintained  at  a 
potential  that  was  periodical!;,  stepped  in  the  ran>;e  of  -:U)  to  -JOO  \ . Initial 
interpretation  of  the  data  indicates  the  vehicle  potinitial  of  the  electron  I'mitting 
pa\  load  was  f>|)icall_\  less  than  00  V positive,  with  a t)otential  less  than  this 
magnitude  for  the  major  portion  of  the  flight.  It  is  noted  that  the  \ ehicle  potentials 
reportf’d  to  date  in  the  liXl  KDK  rc'sults  are  upper  limit  values  rather  than  defini- 
tive measurements,  due  to  the  stepped  nature  of  the  sanuding  voltage's  and  the 
measurement  techni(|ue  which  includes  the  integral  ('fleets  of  secondarx  electron 
energy  distributions. 


1 J.  Uien,  f.  and  Uaum,  II.  K.  (1071)  Detailed  Investigation  of  ’I'r.afisieiit 

l■:lectroll  Keam  Deposition  into  fTie  .■\tmosphere.  Aerodyne  nosearch,  Inc.  , 
llciiort  .\l<  t-U  i<-  lO,  rontract  No.  f D'0J'!-7  J-C-OOU!,  SnIicontract  .No. 
rni.iOJii . 

1 J.  <)'Ncil,  H.H.,  llupjii,  K.U.,  and  I.ee,  K.  I'.  1’.  (107.'i)  I’lihCKDt'  .'xperi  ni  ('lit : 
(Ironnd  based  telepliotometer  iiK'asurements  of  NuMn  i.'il  lA  and  >(‘.S)  ">'>77\ 
emission  (abstrtict),  IK  )iJ  I'rjiiis,  AC!  I (No.  lJ):l(Ki.u. 

It.  .Sandock,  .I.A.,  Hurt,  D.  A.  and  Uien,  I'.  (Il'7,'i)  I’U  KCKDK  experiment 
(abstract,)  KOS  Trans.  A(!l'  ’>(>  (No.  1J):10:i.u. 

la.  Uien,  I-.,  Uaum,  II.,  and  Tait,  K.  (Ih7."i)  An  analysis  of  transient  vehicle 
charging  in  tin'  KNCKDK  experiment  (abstract),  KO.N  Trans.  .'Vtit',  Tt(> 

(No.  IJ):l0:i  ). 
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( am  1)011  ct  al . , ' ( 'aml)oa  ct  al . , * ' and  Kcmt'  ct  al . , ' si m ilarl'.  I’oport  a posi  - 

tivi-  vi-hiclc  potential  riinall  in  conipan.son  with  tlio  accelerator  voltage  in  the 
joint  I ranco-Soviet  rockctliornc  electron-accelerator  experi  mmit.s  in  project 
\K  \KS  (Artificial  liadiation  and  Auroras  Ix'lwt'im  Kerguelen  and  the  .Soviet  I niori). 
Vehicle  potential  as  meariiircd  hy  retarding  iiotential  analv/er.s  on  the  .lanuarv  and 
I'ehi-uars  ln7‘,  launches  from  Kerguelen  Island  wa.s  le.ss  than  approximately  200  V 
at  altitude.s  hetweiMi  1.10  to  200  km  with  smaller-  vehich-  potmitials  at  lower  alti- 
tudes, approximately  -20\  at  100km.  These'  compare  with  primary  electron 
enr'rgies  of  27  and  1 a k\’  and  currents  of  0.  a and  1.0  A,  si|uare-wavi-  modulatr'ii 
-.vitli  pul.se  pr*rn>d.s  of  hoth  0.0-1  and  a.  12  .sr'c.  Tlu'  vehie-h*  potr'iitials  im'a.siir**d 
in  the  lAi'KDK  and  AT’AK.S  experimi'iits  agi-ee  in  general  magnitude  at  .-.itailar 
altitudes  and  the  effects  of  these  relatively  small  positive  iiotentials  are  incon- 
secpiential  to  tlie  i-xperinii'iital  concept  as  proposed  foi-  liXCI  DK  II. 


7 I \(  I 1)1  II  I \TI  KIMIM  COSCI  IT 

Till-  major  innovations  in  the  [iroiioscd  K.XCT'.DK  II  extieriment  are  a signi- 
ficant increase  in  the  [lower  of  the  rockethorne  electron  accelerator  and  the 
addition  of  optical-  and  infrarr'd-spectral  instruments  to  record  detailed  band 
profiles  rather  than  [ihotometric  and  radiometric  instruments  that  isolate  spi’cific 
wavelength  intervals  as  used  in  the  earlier  launches.  The  proposed  nominal 
electron-accelerator  [lower  is  I20k\V  (.1  kV,  40.A)  using  -I  electron-gun  modules 
each  [iroviding  a 1 0-A  beam.  The  engineering  design  of  the  electron  accelerator 
is  an  extension  of  tiu'  aii[iroach  used  in  both  the  I’UKCKIlK  and  K.XCKDKiSU  IU 
[ia\  loads  ;is  dev«'lo[ied  hy  Mr.  David  Hurt  of  I 'tali  State  I niversity.  The  prO[iosed 
accele rators  use  tungsten  filamt'tits  which  are  activated  at  a[iproxiniately  h.skm 
on  [lay  load  ascent.  .\s  evidenced  in  the  earlier  [layloads,  the  tungsten  filaments 


Ifi.  ('aml)ou,  I'.,  Dokoukine,  \’.S.,  Ivchenko,  V.N.,  Managadze,  (1.(1., 

Miguliti,  V.  V'.  , .Nazarenko,  O.K.,  Nesniyanovitch,  A.T.,  Pyatsi,  A.KII., 
Sagtleev,  H.Z.,  and  Zhulin,  l.A.  (1  !)7 7)  the  Zarmitza  rocket  experiment 
of  electron  injection,  to  In'  [lublislied  in  .Space  lle.search  XV  and  1 ,ife  I ime 
Sciences  XIII. 

17.  Camliou,  T.  , Sagdeev,  IK  Z.  , Zhu'in,  I.  A.,  Charles,  C.  , and  Dokoukme, 

V.S.  (i:'7ri)  (letieral  descri[ition  of  the  .AHAKS  ex[ieriments  (abstract). 
Program  and  Abstracts  for  the  Symposium  on  Active  Kxperimeiits  in 
isjiaci'  I’lasina.s,  CoSPAH,"  rH.Sl(,~  and  lAOA,  .lune  :i-.7,  lh7fi,  Houlder,  Colo. 

111.  Kerne,  II.,  Saint-Marc,  A.,  Vigo,  .I.M.,  Gringauz,  K.  I.  , Managadze,  (1. 
I.yakhov,  .S.  11.  , .Smirnova,  K.P.,  .Schutte,  N.M.,  and  Sheldon,  W.  K. 

(I  'i7n)  Kesults  of  the  .AIKAKS  [larticle  <>x|ieriments  (abstract).  Program 
and  .Abstracts  for  the  .Sympositi m on  Active  Kxperimeiits  in  Space  Plasmas, 
CDSPAH,  I llSl,  and  lACA,  .lune  :i-.7,  11)70,  lloulder,  Colo. 
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l oiitiniJi'  III  |ii  ii\  nil'  ail  l•ll■<•t  roll 
licam  to  lll■.-.l'<‘llt  altituili'S  uf 
approx  I mat  i‘l  % 7 ikm,  opiratiiii’ 
in  Ihr  rarcrifd  atmosphere  of  the 
[ia>  loiid  '.'.:ilse  durinij  Uie  dr-srent 
I r;i  leetorx  . 

The  i;\(  ld)K  II  I'liylit  profile 
is  iiidietited  in  I’ltpire  7.  As 
indictited,  the  [lax  lotid  is  despun 
and  arraiitied  such  th;d  the  lout; 
dmieiisioii  is  in  the  plane  of  the 
traji'Ctorv  and  elevated  at  tin 
aiifile  of  approximatel\  4 1 dejt 
after  nosecone  and  door  ejeetion 
and  pa\  load  separation.  The 
electron  aeceleratoixs  initiate  a 
pulse  seiiuence  at  a()proxiinately 
nrikiii  on  payload  ascent  whicli  is  continued  through  a|iogee,  120km,  and  is  anti- 
cipatt'd  to  continue  to  approximately  HO  km  on  payload  descent  providing  a total 
oxpcriniont  duration  of  1 flO  see.  At  Takm  on  descent  tlu>  electron  accelerators 
are  separated  from  the  diagnostic  instrumentation  u-hich  is  recovered.  The  liay- 
load  orientation  during  the  experimental  launch  period  is  shown  in  l igure  0.  In 
this  position  the  electron  accelerator  and  instruments  are  oriented  such  that: 

(1)  The  electron -beam  injection  angle  is  canted  20  deg  from  the  normal 
to  the  payload  (Figure  fi). 

(2)  The  spectral  insi raiments  have  a field  of  view  normal  to  the  payload, 
intersecting  the  magnetic  field  (aiul  the  election-beam  axis)  at  20  deg,  and 
arranged  with  respect  to  the  vehicle  velocity  to  obst'rve  both  the  (irompt  emis- 
sions in  the  primary  electron  deposition  region  and  slower  emissions  in  the 
electron-tieam  afterglow.  In  this  configuration  the  following  exiierimental  con- 
ditions are  satisfied: 

(a)  The  optical/infrared  spt'ctral  instrunuints  have  an  essentially 
continuous  look  at  the  beam-induced  emissions  for  several  spectral 
scans  from  a given  aspect  with  minimal  apparent  source  variations  due 
to  the  effects  of  spin  modulation. 

(Ii)  The  onboard  infrared  instruments  operate  at  a field  of  view 
axis  elevation  angle  of  47  deg  (assuming  launch  from  I’okc'r  Flat, 

Alaska),  thus  avoiding  thermal  radiation  from  the  earth  and  lower 
atmosphere. 
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Figure  2.  flight  Profile  for  the  I’roposc'd 
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I'igiirf  fi.  I’ayload  Orientation 
for  l ACKDi;  il  with  ( )nl> 
lilectron  Oun  S Shown  <)]K'rating. 
I'lio  attitiidi'  control  system 
(.\<'S)  maintains  the  indicated 
position  in  pitch,  yaw,  and 
roll  for  the  duration  of  the 
experiment 
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PAYLOAD  HORIZONTAL 
Vf  LOClTr  


'I'lie  experimental  approach  is  to  turn  ttie  electron  scnirce  on  for  several 
seconds  in  which  the  spectral  instruments  recoi'd  one  or  more  spectra.  The 
pa>  loaf! -based  instriiiiK'iits  have  full-cone  field.s  of  view,  which  are  approxi- 
mate!;. ■>  deg  or  less,  and  thus  oliserve  the  primaiw  electron  deposition  region 
as  an  extended  source  (see  l■■igllre  fi).  .\fter  beam  turn-on  the  radiance  of  eacli 
emitting  species,  as  observed  h\  the  pa\  load  based  sensors,  is  determined  in 
jiart  l)%  : the  characteristic  proiiuction  and/or  emission  time  constant  of  a given 
excited  still.  , [laxload  velocitv,  and  the  inst  I’umentation  viewing  aspect.  .Since 
the  horizontal  component  of  payload  velocity  is  anticipated  to  he  on  the  order  of 
.•..everal  hundred  meters  (ler  second,  production  and/or  emission  processes  having 
characteristic  time.-,  on  the  ord.'r  of  0.00!  sec  or  longer  ari'  anticiliuted  to  show 
an  afterglow  .■mission  .'isiilaceiiient  that  is  significant  in  terms  of  the  (irimary 
electron  deposition  iidume  near  the  payload.  The  afti'rglow  emission  effect  is 
demonstrated  in  f igures  S and  1 by  the  chemiluminescent  rocket  iiroiiellants 
tangential  to  the  [layload  traiectorv.  .\s  viewed  from  the  payload  instrument  hay, 
the  region  neai’  the  vehicle  contriliutes  most  of  the  ainiarent  brightness  sinci'  the 
I'lectron  enei-gy  deposited  per  unit  volume  varies  as  the  si^uare  of  reciprocal  dis- 
tance from  the  vehicli*  in  the  near  field  and  the  electi'on-lieam  luminescence  over- 
fills the  optical  .sy.stem  fields  of  view.  In  figure  7,  radiance  as  a function  of 
integrated  viewing  depth  along  the  optical  a.xis  is  shown  for  N,^  1 \(0-0)  :ii*l-lA 
emission.  The  results  in  f igure  7 assume  the  conditions  of  figure  fi  and  an 
electron  source  di'tector  sefiaration  of  .'lOcm.  In  addition  the  electron  beam  has 
been  consid.’red  to  originate  from  a single  cathode'  and  to  diverge  with  a uniform 
current  density  into  a tlO-fleg  full  cone.  The  optical  a.xis  of  sensor  H in  figure  7 
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INTEGRATED  OPTICAL  DEPTH  ALONG  ELECTRON  BEAM  AXIS  (meters) 


I'iKUfc  7.  The  Kfli'ctivc  Hatiiurice  l’fimar\  I Irctroii  IikIik-(h1  lams.sioti  willi 
Distance  from  the  \'oliiclo  for  I’avload  liascil  Sensors 


is  arranficcl  parallel  to  tlie  eleclron-lieam  axis  providing  an  increased  optical 
ilepUi  into  the  primary  eh'ctron  de[iosition  ttciemetrv.  Ilowe\er,  as  confiitiired  in 
I itrure  7,  sensor  A ol)sei-\es  a i-adiance  due  to  prompt  emissions  of  hi)  percent 
of  sensor  H witli  additional  i>raelical  advantages  in  pa\load  paekaninr  and  aliitn- 
meiit  tolerances  inlierent  in  tlie  crossed  elect  ron -beam  optical  axis  system.  I'lic 
orientation  of  sensor  A also  effr-ctivelv  oliserves  the  afterulow  radiation  of  slouau- 
prixluctiori/emission  processe-s.  As  demonstrated  m l iy  re  7,  pas  load-liascd 
optical  sensors  effectivels  observe  emissions  onls  in  the  first  few  meters  near 
the  |)a>load,  with  an  absolute  maunitude  three  orders  of  maijniludc  i^i-eater  than 
a lirifjbt  aurora  dtlilA  emission  is  ,'iOkll  in  an  I H( ' (lass  III  aurora  '^1. 


1 !).  Vallance-.lones,  A.  (1!I71)  .Auroral  spectroscopy  .Space  Sci.  Key  lews  11.770. 
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The  optical/ mfrart'd  iiistrunionts,  as  shown  in  I'ifrurc  fi,  inti'm-atc  across  a 

[•••(lion  where  the  energ\  densitv  deposit<‘d  hy  the  primary  electrons  varies  as  tfie 

square  of  tlu'  reciprocal  distance  from  the  pa>load.  l iir  the  conditions  of  Sensor 

1 ) 1 •{ 

■\  in  l■■iKnre  7 the  dosin)^  magnitude  ranges  from  .>  < 10  “ to  I.  > ' 10  ioti  pairs 

cm  'sec  at  1 10  km  in  the  hrifjht  core  of  the  electron  deposition  volume.  The 

time  a given  atmospheric  volume  element  is  irradiated  h\  IIk-  electron  beam  is 

determined  hy  the  triuisit  time  of  the  electron  cloud,  approximateh  2 to  msec 

for  the  opticall>  observed  region  of  f igure  7 assuming  a down  range  pa\  load 

velocits  of  200msec  ( alculated  time-dependent  concentrations  of  the  lieam- 

induced  electron  density,  major  ion  species  and  selected  metastable  states  are 

shown  in  I igure  !i.  TIh;  reaction  set  of  Table  2 has  heen  used  with  the  Kutta- 

Merson  mc'thod  to  solve  the  coupled  differential  equations.  In  figure  <i  is 

12  - 11  - 1 - 1 

assumed  an  ion-pair  production  rate  10  ion  pairs  cm  sec  for  ">  10  sc-c 

> 1 

and  initial  atmospheric  conditions  as  given  by  the  Kene:diea  et  al.  modi'! 
atmosphere  for  a nighttime  10  deg  northern  latitude  case  for  Novembi'r  l''7o. 

Initial  concentrations  are  1.2  < lo'"cm  for  \ , 2.2  v 10**cm  ’ foi-  ()  and 

1 0 -5  ^ ^ 

11.  fi  X 1 0 cm  ' for  O with  a kinetic  temperature  of  114 1°K.  The  initial  \<) 

concentration  is  assumed  to  he  lo"cm  K The  results  of  figure  1!  indicate: 

(a)  N.,  concentration  decays  rapidly  after  the  beam  no  longer  irradiates 
a given  v'olume  element  due  to  dissociative  recombination  and  charge  transfer. 

I 

At  110km  dissociative  recombination  of  N.,  is  the  dominant  loss  process  at 
electron  densities  of  a y 10 'cm  ' or  greater;  reactions  with  atomic  oxygen 
dominate  at  lower  electron  densities. 

(b)  The  concentration  of  N()^  decreases  after  electron  excitation  ceases  <iue 
to  rapid  dissociative  I'ecombination  at  high  electron  densities  until  approximately 
0.  1 sec,  when  the  electron  density  has  decreased  h\  an  order  of  magnitude. 

I rom  0.  1 to  1 sec,  \()  loss  due  to  dissociative  recombination  is  apiiroximatels 
equivalent  to  \(>  production  from  charge  exchange  hetween  ().,  and  N()  (reaction 
fi  of  Tahle  2)  and  collisional  rearrangement  between  ( )^  and  \ (reaction  I)  and 
O and  (reaction  II).  .'\l  1 . fi  sec,  NO  becomes  the  major  ion  species  with  a 
concentration  of  4 y 10^’cm 


20.  Keneshea,  T..I.  (I!)fi7)  A Technique  for  Solving  the  (ieneral  lleaction  Mate 

Kquatioiis  in  the  Atmosphere  AfCHl.-fi7-021 1 , Knvironmental  Mesearch 
Papers  No.  2fi;i. 

21.  Keneshea,  T..I,,  Zimmerman,  S.  P.  , and  Philbrick,  C.  M.  (l!17fi)  A IKnamic 

Atmospheric  Model,  AfCI,,  Hanscorn  AfB,  to  be  published. 
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1 ijfurc  lia.  ( alrulativi  lime  Dependent  Species  Concentra- 
tion Induced  b\  I'XCI.DK  II 

(c)  \("D)  concentration  peaks  shortls  (0.  Oa  sec)  after  lieani  turn  off  and 

decays  expfinent iail\  ivitli  tli<‘  priru'ipal  loss  (irocess,  tlie  reai.tion  ivitli  * 

forniint;  vihrationally  bot  \< ) (reaction  I T).  At  lOOkni,  the  r;idiatiii|>  fraction  of 
•/  - 

N(“D)  represents  only  10  of  Uie  total  depopulation  rate. 

T he  hulk  of  \(“D)  forms  vilirati<aiall\  hot  nitric  o.xide,  .\( ),  which  in  turn 
radiates  at  2.7  and  a.  Tani.  Investigation  of  tlie  detailed  hand  profiles,  specific 
reaction  mechanisms,  and  photon  yields  for  SO  and  N'O^  infrared  emissive 
prcK-esses  is  a primary  scientific  objective  of  tliis  experiment. 


CONCENTRATION  (cm 


I iyur*-  fit).  ( !alculat«'(l  T’lnic  De-pciulcnt  Species  Con- 
centration Induced  t)V  liXl.'ld )l ! II 


Table  2.  Shortwave  Itifrared  Chemistry 


1 

Number 

lieaction 

I<ate(cm'\sec  *) 

1 

1 

■)  X 10*'  * 

2 

nJ  -t  e - \(^D)  t nC’s) 

I.H  X lO'^  X (;?oo/t^.)°’ 

:i 

nj  ' e - 1.7  0(’l>)  t 0.27  0('d) 

t 0.  o:i  o(*s) 

2.  I X lO'^  X (200/  r 

Tal)lo  2 


((  otitinucci) 


Niiniboi- 

Heaction 

Hate  (cni'^acc  * ) 

4 

N -t  O.^  - 2 () 

1.8  V lO"'” 

5 

( 2 NO  - no”*  2 ( ),^ 

4.4  ••  10-"» 

G 

1 

N.^  2 NO  - no'*  4 

:i  / I o' 

7 1 

o'*  2 NO  - NO'^  4 (J 

1.  :i  < 10'^^ 

8 

N(/  2 e - N(^D)  4 O(M’) 

4 y lo"’^  / (800/ T^,)' 

L» 

O 2 NO^  2 N(^D)/2  2 N('*S)/2 

2.8  V 10-"^ 

10 

1 

O 2 N - N 2 ( l"* 

1 V lO''^ 

1 

I 1 

N,,  2 (Z  - N(/  2 N(^D)/2  2 .N('*,S)/2 

- 1 

1 y 10  “ 

12 

o.,  4 o’*  - O 4 ( ),^ 

2 V lO"'  ’ 

12 

N 4 NO  - N„  2 O 

2.  8 V 1 0‘” 

14 

N(“m  ‘ O.,  - NO  4 O 

- 1 

fy  ■'  10  “ 

1 8 

N.^  2 o - N(“D)/2  2 N{'s)/2  2 n''  2 2c' 

4- 

in 

^2  " ^2  " 

1 ..  10-" 

17 

4 1 

N ' O • N ’ O 

1.2x10  ' “ 

18 

N^  * O^  N < ( 

8 / 10‘”’ 

!'• 

N ' * (),,  • NO  ' 2 O('.S) 

8 V lO-X’ 

20 

N ' 1 - o‘  2 NO 

1 10'’“ 

21 

\ ' 2 NO  -•  N 2 N( 

8 ' lO'*'’ 

22 

N'*  2 NO  - V,’  1 O 

“ 1 *> 

10 

22 

N * 2 NO  - o"^  4 N^ 

- ] •? 
1 V 10  “ 

24 

N("D)  2 N,^  - N(‘‘s)  ‘ N., 

1 . fi  V 10*'’ 

28 

N(^D)  2 NO  • N'C’s)  2 NO 

7 V lO''  ' 

I'lihU'  2.  ((  Onl  iiuu-d) 


Number 

React  ion 

Rate 

y -K 

(cm  sec  ) 

- ^ 

2fi 

1 

N(  ) • NO(A)  \., 

7.  0 

10-' > 

27 

\.,(A)  1 

‘*2  -*'^2  ^ "2 

■L  0 V 

io->^ 

2H 

N.,(A)  1 

0(  '‘l’)  -•  N,,  • < )('s) 

2.  0 V 

10-" 

20 

N.,(A)  i 

N - N.,  t N 

0 y 

1 o'’  ‘ 

20 

N.,  -1  N(/-*-  t NO  -4  (hp) 

4.  0 / 

lO"’  ' 

21 

N('S)  -< 

- NO*^’  * 0 

1 . 0 y 

10-”'- 

22 

N •)  N -t 

M - N,^  -t  M 

(.0  ■<  lO"’*'^  (l/:i00)"y 

22 

(1^  t N(/*'-o,/^^  -t  iNO  1 dm) 

I . 0 V 

10-" 

*T  clecUun  tfMinuM  aturc.s  in  f K). 

o 

* l wi'tit\ -five  percent  of  the  ion  pttirj  produced  l)%  eh'ctron  impact  on 
nitrogen  arc  assumed  the  result  of feaction  1 lon-p:iir  production  iti  tlie 
ranye  of  lo”  to  1 0 I t ion  pairs  cm"'*  sec"*  is  treated  as  ;m  initial  condition. 

r -1 

■ The  units  of  this  tliree-bod\  reaction  are  cnc’si'c 


•)  NO  Wll  NO*  It  Mil  \N<;l  II  \ I l> 


The  12  April  IhTa  KXCKDK  II  test  rocket  launch  provided  measurements 
of  electron-induced  photometric  and  rtidiometric  quantities  at  llOkm  as 
summarized  in  Table  2.  As  previousl\  discussed,  the  p;i\  lo;id-b;ised  |)hoto- 
metric  and  radiometric  data  are  a measure  of  the  near  field  volume  emission 
rate  as  determined  by  the  electron  deposition  t!(‘ometr>,  pa>  load  velocit\, 
and  the  charticteristic  production  and/or  emission  time  constant.  The  rmsults 


in  Table  2 show  a a.")77  to  2f)l  lA  photon  ('mission  rjitio  of  2.  '< 


It) 


at  I I 0 km 


in  contrast  to  steady  state  values  meii.suri'd  in  aurora  in  the  raiittc'  of  0.  t to  I 

1 h 

with  2 a representative  nominal  value. 

The  dtita  may  be  interpreted  in  terms  of  basic  aeronomic  mecluuiisms  by 
estimating;  total  band  intensity,  characteristic  production/t'mission  tinu'  con- 
stants, ;ind  the  principal  production  processes.  In  T ijfurt'  !•  is  presented 
ctilculated  time-dependent  volume  emission  rates  for  a number  of  radiatiiif; 
species  usinj;  the  reaction  set  of  Table  2 and  the  matlK'inatical  technique  and 
experimental  conditions  similar  to  those  assumed  to  produce  Figure  8.  The 
dosing  magnitud(',  dosing  duration,  and  ambient  atmospheric  densities  are 
those  considered  representative  of  the  proposed  experiment  at  110km.  'The 
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5 3 fj.rn  NO 


I'iKiir'''  ''a-  ('ulciilatcd  Timf  I >o(u':KJ<'n(  \'olumc 
I'.inission  Hates  for  the  I’roposcd  K\('IH)I':  FI 
I'Fxiji’rinienF  at  llfFkni 


I'ablc-  d.  I!\(’l';i)l';  II:  Test  IMiotomctfic  and  Hadiumet  ric  Data 


(Altitude  llOlun,  Iteain  dkN',  "lA) 

Measured  Hadumc(> 

:fi.  MH* 

1 . :f  MK 
H.  MH 
d.  4 MH 

♦Mogarayleigh-s  (10*^  photons  cm  ^sec  *)  as  measured  h\  payload  based  sen 
sors  oti  the  1 :i  April  IFITT)  launch. 


[ 1'iltc‘r  VVav('l('ntfth 

I'ilter  llandwidth 

.'iOlfii 

lii.  ai 

f.  2A 

2.  020  uiTTi 

0.  n:F7  urn 

4.  277  urn 

t).  OflPum 

,-lO 

10  f ’ • ' ’ T 1 1 1 1 »-*T--T r--T  r ’ ’^--1 — ’ 

I 10  km  ALTITUDE 
lo'^  ION  PAIRS/sec  - 


I'iffuro  !)l).  Calculated  Time  Dopi'iident  \ olunie 
Kmissioii  Hates  for  tlie  I’roposed  ICXCi;!)!’  II  l)xperi- 
ment  at  110  km 





results  presented  in  I'igure  0 additionally  assume  that  10  infrared  photons  are 
produced  from  each  NO  molecule  formed  in  reaction  1-1  and  all  reactions  form- 
inff  NO  yield  one  infrared  photon.  The  model  calculations  of  figure  0 indicate 
the  0(*.S)  emission  profile  has  a slightly  faster  rise  and  decay  time  than  the 
i\(J  infrared  emission.  Thus,  as  viewed  from  a moving  payload,  the  faster 
production  and/or  emission  time  constant  of  'thllk  emission  is  viewed  more 
effectively  than  the  N(J  infrared  chemiluitiinescence.  Table  I has  been  generated 
from  Table  ,'l  and  is  presented  as  preliminary  results  subject  to  revision  when  a 


2,5 


I'aMo  ).  K.\n;i)l';  II  J'l'-sl;  .steady  .Staff'  Inteiirfity  (Iritimate 


... 

Integrateil 
Intensity  * 
(Mega  ray  leighs) 

Characteristic 
Time  Constant- 
(.Sec) 

.Steady  -Stat.- 
Hadiance' 
(Megaray  leighs) 

I .umiiious 
efficiency'* 

N^;'  3P14  .A 

4.3. 

7 y 10‘” 

4 3 

1 y I0‘* 

O('.S)  -.:,77.A 

1.3 

0.  74 

.'0 

3.0  / lo"'^ 

N( ) 2.7  am 

44. 

0.  70 

3000 

4 < 10‘" 

no’'  4.  3 am 

10. 

3 y lO"'* 

C'O.j  4.  S am 

** 

_J 

1 0 ■ ‘ 

1.  The  integrated  inf eii.sit.\  i.s  l>ased  on  tl«'  measurements  of  I'aiile  3,  tlie 
interference -filter  optical  Ijandwidtlis,  and  an  e.stimated  i)and  [irofile. 

2.  Time  i.s-  tile  e.stimated  charactei-istic  emission  time  constant  as  limited  by 
eitlier  prcxiuction  or  lo.ss  processes. 

3.  Tlie  .steady  state  radiance  is  f'stimated  assuming  tlie  .').'i77/3'i!  lA  ratio  is  2, 
normali7('d  to  13  MH  of  3!il4n  emission. 

■1.  rtie  electron  induced  luminous  efficiency  is  based  on  a value  of -1  y lO"-^  for 

i'll  1 A emission  as  reported  by  O'Neil  ot  al.,'  -^  in  the  I’llKCKIlK  experiment. 


more  us  anal’,  sis  includes  effects  of  payload  asjiect,  electron-lieam  pilch 

angle  a....  plmtometric  aiul  radiometric  radiance  values  for  a wide  range  of  alti- 

tufle.'.  in  l atile  1 It  is  indicated  tliat  tlie  estimated  characteristic  production 

emission  times  foi-  bfitli  O('.S)  anti  NO  infrared  radiation  are  similar  at  llOkm, 

providing  a convenient  scaling  factor  to  convert  the  observ'ed  emissions  into  stf'ady 

slate  values.  The  scaling  factor  to  estimate  the  1.  3-am  steady  state  i-adiant 

inU-nsity  in  'i'alde  I is  uncertain  until  the  emitting  specie(s)  and  tlie  production 

Iirocesses  are  more  clearly  delineated.  The  electron-induced  raiHant  efficiency  , 

as  (iresented  in  Table  4,  is  the  fraction  of  the  electron -beam  energy  emitted  in  a 

given  molecular  or  atomic  transition  as  the  primary  electron  and  all  secondaries 

-•> 

are  stopped  in  the  atmosi>here.  I'he  radiant  efficiency  of  4 y 10  “ for  NO  2.7-um 
emission  given  in  Table  4 is  considered  a iireliminary  value  based  on  an  assumed 
profluctifin  [irocess,  rate  coefficient,  and  molecular  liand  t'l'ofile.  The  inte- 
grated photon  yield  of  the  NO  fundamental  emission  at  ">.  4am  has  been  cal- 
culated"^ to  be  apiiroximately  .'i  times  the  2.  7 um  overtone  photon  yield  for  the 
case  where  the  vilirational  levels  1 through  17  are  populated  in  direct  proportion 
to  their  vibrational  level,  and  vibrational  relaxation  proceeds  according  to  the 

22.  Hogers,  J.W.  (197(>)  OI'K,  .AFOI,,  llanscom  AKH,  Private  communication. 


20 


transition  probtthilitios  of  Cashion.  I’tiis  calculated  fundaiiHMilal  to  overtone 
plioton  yi('ld  siint;e.st.s  an  electron-inducj-d  radiant  efficiency  of  0.  I for  \() 
emission  at  i.  lain.  Tluis  an  estimated  I ■}  percent  (consideri'd  a lowi'r  limit)  of 
the  primary  elei  tron  energy  is  radiated  in  NO  emission  at  2.7  and  i.  latn  as  the 
electron  IS  stopped  m tile  atmosphere.  It  is  stressed  that  tlie  radiant  efficiency 
infi'rred  for  the  No  infrtired  emission  at  2.7..im  m Table  1 is  a prelimimiry  value 
li;t.'.ed  on  a -eries  of  assumptions  reijuired  to  convert  the  payload-based  photo- 
metric anil  radiometric  measurements  to  steady  state  photon  emission  rates.  A 
con  plele  treatment  of  the  data  from  both  the  i:\( ’KDK  II  test  launch  and  the 
i :\i  1 .1  )l . II!  espi-rimeiit  will  provide  ;i  widi'  ranye  of  experimental  conditions 
on  which  to  test  the  various  assumptions  and  to  base  a more  definitive  result. 


10  I’V^IOMt  IN'Illl  MfM  VnoN 


Tim  iiriiicipal  payload-based  sensors  are  a scries  of  optical  and  infrared 
Hist  run. entr.  eoaiiL'iied  in  the  instrument  bay  shown  in  T'igure  0.  In  the  proposed 
experiment,  the  optical  sensors  are  coalifjned  with  similar  fields  of  view  and 
densels  packatted  to  minimize  differences  in  aspect  with  which  the  sensors 
observe  till-  electron  e.xcited  atmosphere.  The  scientific  approach  is  to  monitor 
a number  of  optical  emissions  with  ri'asonably  well-established  mechanisms  for 
production,  radiation,  and  collisional  depopulation  as  diagnostics  of  the  I'lectron 
energy  dosing  magnitude  and  photon  yields.  Less  certain  infrared  chemical 
processes  and  photon  yields  are  defined  relative  to  the  optical  diagnostic  emissions 
such  as  N.^  IN  .Ihl  }i  .and  (l('.S)  'i"i77A  radiation,  which  are  also  measured  liy  the 
ground-based  telephotometer,  (iptical  and  infraia'd  emissions  of  specific  interest, 
their  measurement  objective,  and  the  estimated  radiance  magnitude  as  observed 
by  payload-based  sensors  at  110km  are  given  in  Table  .a.  The  radiance  values 
in  Table  are  in  part  based  on  the  K.NCKDK  II  test  measurements  normalized  to 
tiH-  N^  1 .N  .'ibl  lA  radiance  anticipated  in  the  proposed  experiment  with  the  assump- 
tion the  four  electron -gun  catluKles  are  separated  from  the'  optical  and  infrared 
sensors  by  40,  70,  100,  and  130  cm.  'Table  also  indicates  the  spectroscopic 
features  measured  by  the  ground-based  instruments.  'The  ground-based  photo- 
metric measurements  integrate  over  tlu>  total  atmospheric  volume  excited  by  the 
electron  accelerator  and  provide  an  essential  supplement  to  the  payload  measure- 
ments which  are  significantly  weighted  toward  the  prompt  emissions  as  indicated 
by  the  .'i.'i77i/ 301  iJ  photon  emission  ratio  measured  in  the  KXCKDK  II  test  launch 


'23.  (!ashion,  .I.K.  (1  !)r>3)  Calculating  vibrational  transition  probabilities, 
.1.  Mol.  .Spectrosc.  10:182. 
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Table  5.  f:XCi;DE  II:  Estimated  Kadiancc  for  Payload  Eased  Sensors  (Pavload  Altitude  110km) 


i 


*Payload-based  radiance  for  selected  eniissions  within  the  han<Kvidtlis  of  the  spectral  instruments. 


r 

I 

I ( l ahU'  :i).  riic  li'iinth  of  timo  tin-  lia.scd  optical  sciusocs  oh.sci'M-  the  dcca'. 

of  elect  roii-iiidiK-cd  atmor.phcfic  oniis.siotis  is  determined  liv  tlie  pa-.load  t r;i  |eci  of  , 
tile  sensor  fiidd  i>f  viev.',  and  tin'  sensor  vi<-win(.'  as|icct.  Afterplov.  look  times' 
are  i'  picall;.  in  Ihi'  r;inf;i'  of  1 to  di)  si-c  for  the  uronnd-hased  optical  s%  stems.  The 
principal  iiaylt'ad  instrunu'iits  are  listi-ii  m Talile  H.  The  primar\  dia;;nostic 
mstnmient  for  this  experitnent  is  the  short -w.ave  infrared  interferometer  iisinu 
lii|uid-tiitrom  ii  cooled  optics  to  suppress  th<‘  limitation  of  minimal  detectalile 
radiance  introduced  In  thermal  radi.ation  from  the  instrument.  In  the  pa;,  load 
orii'iitation  shown  in  I'itrure  H,  thermal  ra<li:ition  from  the  lower  .atmosphere  and 
the  earth’s  surface  is  a t.'i-dej;  off-axis  source  and  is  attenuated  below  the  detect- 
abilitx  threshold  b\  the  instrument  desitjn.  Design  specifications  for  the  inter- 
fi'ron.eter  are  piven  in  I'abli'  7. 


l able  n.  If.XCKliK  II;  I’avload  Instruments 


Inst  runient 

.Size  {in.  ) 

Weight  (lb) 

Klectron  accelerators 

1 2 X .'12  each 

180  each 

(1  modules) 

■18  X 82  total 

1 020  total 

l.iquid  \,^  interferometer 

10  X 28 

00 

I..N^  i'W  spectrometer 

fi  X 10 

25 

I.\2  radiometer 

Ox  IG 

25 

I.lle  (.'VI’'  spectrometer 

10  X 2-1 

75 

I'V/ visible  spectrometer 

10  X 24 

75 

Hhotometers 

7 X 2x1.2;')  each 

1 each 

(.")  units) 

7 X 2x0.  2.')  total 

5 total 

Camera* 

IJiagnostics* 

lU’A 

impedance  probe 

Magnetometer* 

2185 

♦The  size  and  weight  of  these  instruments  are  not  defined  and/or  do 
not  significantly  contribute  to  the  total  payload  size  and  weight. 
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T;il)lo  7. 


sum  Inti'rfci'onii’U'r  Spcci ficat ion.s 


Spectral  llange 

2.  0 to  f),  fi  am 

llesolution 

..  -> 
2 cm 

1 ield-of-\'iew 

2.  2!,*°  ; 1.  20  v lO'"^  sr 

j Scan  Time 

2.  0 sec  total 

0.  2 sec  r(-t  race 

1 . 8 scan  period 

- M - - 1 

NKSH* 

7x10  W cm  “sr  cm 

Dimensions 

10.  :>  y 20.  8 in. 

■\oise  l-aiiiivalont  Spoctral  liadianco  at  2jm, 
estimated  value. 


Tile  elcctron-ljoam  jnilse  format  and  the  interferometer  scan  period  are 
sliown  in  I igure  10.  It  is  proposed  tliat  the  electron  accelerator  l>e  pulsed  for 
4 see  followed  bv  a 2-sec  off  period,  a sequence  repeated  in  an  1 8-sec  pulse 
frame  for  the  duration  of  the  experiment.  In  the  initial  12  sec  of  the  18-sec 
piilse  frame,  the  IVjur-electron -gun  modules  are  synchronoush  pulsed  for  4 sec 
pi-oviding  a total  current  of  40  A.  The  third  pulse  in  each  frame  is  provided  b\ 
a single  module,  gun  1 of  I'igure  0,  producing  a 10-A  beam.  This  pulse  format 
represents  a aO-percent  duty  factor  for  the  120-k\V  electron  accelerator.  As 
eonfigui-ed  in  l•■igure  fi,  gun  1 with  minimal  cathode  sensor  se[)aratiot\  provides 
approximately  40  percent  of  the  total  radiance  produced  by  a full-power  accelera- 
tor pulsi'  as  observed  by  the  payload  sensors.  Observation  of  the  relative  radi- 
ance of  various  emissions  with  beam  current  (irovides  a measure  of  the  time 
depcMident  (-mission  rate  as  a function  of  dosing  magnitude.  This  information,  in 
turn,  provides  insight  into  the  basic  aeroiu^mic  production  and  loss  processes. 

At  the  initiation  of  each  4-sec  (-lectron-beam  pulse  a synchronous  reset  pulse 
activates  the  int(-rferometer  retrace  drive  which  positions  tlu-  movcible  mirror 
at  th<-  start  position.  The  interferomc-ter  initiate.s  a scan  approximately  0.  2 sec 
after  the  reset  pulse.  During  this  0.2-sec  period  the  movable  mirror  is  reset 
in  the  start  position  from  any  place  within  its  operating  limits  and  the  (-lectron- 
lieam  induced  atmostiheric  (-missions  estalilish  an  a|)|>arent  st(-ady  state  intensity 
as  vi(-wed  from  tlu-  payload.  I'he  apparent  steady  state  intensities  are  controlled 
by  the  beam  geometry,  payload  tra.j(-ctory , and  s(-nsor  orientation  when-  the  bulk 
of  the  integrated  column  radianc(-  comes  from  the  first  few  meters  near  the  pay- 
load,  as  shown  in  l-'igure  7 for  the  case  of  prompt  emissions.  .As  viewed  by  the 


80 


ACCELERATOR  PULSE  FORMAT 


BEAM 

CURRENT 
(A) 
40r 


20 


_ GUNS  _ 

_ GUNS  _ 

1. 2,3.4 

1.  2.3.4 

ON 

ON 

r 

GUN  I 
ON 


TIME  (MC) 

6 8 10  12 
18  SEC  PULSE  FRAME 


1- 

16 


18 


L beam 

1 BEAM  _ 

r ON 

r OFF 

~|  INTERFEROMETER  RETRACE  PULSE  fl 

INTERFEROMETER  ^ 

MIRROR  PATH 
DIFFERENCE 

0 


0 2 4 8 

TIME  (t«c) 


l itrurp  10.  .AcccU'i'ator  I’ulsp  l oi-mat  and  Intct  fpromcti'i'  Scan 
HatP 


pavl()ad-l>a.s('<l  .scn.sors,  the  cloclron-bi'am  iiuliu-cd  uplu-al  and  uifrai-cd  i ii.i.s.  loiih 
arc  anticipated  to  establish  an  essentially  constant  value  in  a period  mucli  less 
tlian  0.2  sec.  .\s  shown  in  l iuiire  10,  the  interli'roineter  i-omph  tes  2 eyeles 
durinj,'  the  beam -on  period  and  1 cycle  diii  int;  the  off  period.  The  elei-tron 
beam-on  and  -off  periods  are  made  near!',  inteyer  multiples  of  the  mtertero- 
meter  period.  .After  the  reset  piilsi'  initiates  interferometer  retrace  at  the  start 
of  each  electron-beam  pulse,  the  interferometer  continues  to  s\M’e[)  comliletiiut 
i cycles  duritif'  the  fi-sec  lieam  pulse  period.  The  bean. -off  transition  period 
wheri."  the  accelerator-induced  ('missions  decay  to  an  timbient  atmospheric  levi'l 
coincides  with  a 0.2-sec  interferometer  retrace.  In  order  to  retidily  interpret 
the  interfero(>rams,  it  is  reijuired  that  the  relative  spectral  radiance  of  the 
observed  emission.s  be  stable  duriiifj  an  inte'l'fei'ometer  scan.  This  re(|ui rement 
is  Siitisfied  for'  tin.'  (iroposed  experimi'iit  for  the  payload  orienttition  shown  m 
I'Hture  f>  and  the  iiulsin^;  format  shown  in  I'  iuure  10.  .As  eonfinured,  the  inter- 
ferometer is  anticipated  to  observe  infrared  emission.s  which  ra|mlly  attain  a 
<iuasi -steiidy  state  radiance  mai;nitude  and  show  (>radu:il  changes  m rntensity  with 
atmospheric  density. 
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ral)l<'  H.  KHtimatt'd  InU'rferonn'ter  Siffnal  to  Noise  Uafios 
(l’aylo£i(l  jiltitiule  111)  km:  1 20  kW  electron  accelerator) 


Kmission 

(am) 

Intensitv 
(MIO  ' 

Average 
Intensitv* 
(MU  om'-l  ) 

Average 
Intensity 
(W  cm  "^sr  ■ 1 cm ) 

Signal 
to  Noise 
Ratio** 

2.7 

270 

- 'j 

2.  5 y 1 0 

f)0 

4.  :i 

:u) 

1 20 

!).  1 y I o'"’ 

20 

i.  :i 

1 , 400 

2,  400 

2.  0 V 1 o'” 

:,oo 

Averaije  inti'n.sities  are  l>ase(l  on  the  results  of 'I'ahle  a and  estimated 
hand  pi'ofiles. 

♦ “tSicnal  to  noise  ratios  are  based  on  a siiifjU'  interferometer  scan  for 
the  instrument  specifiisl  in  I'alile  7. 


As  milicated  hy  Tahli  fi.  the  short-wave  infrared  interferometer  is  anti- 
cipated to  rea<iil>  record  the  emissions  at  2.7,  l..'i,  and  5.  Ijm  witli  suh- 
■Stantial  si^mal  to  noise  ratios. 

A number  of  photometric  and  radiometric  sensors  included  in  Table  fi 
monitor  the  time-dependent  radiance  masnitudc  of  several  emissions  to  assess 
the  source  stalnlity  during;  an  interferometer  scan  and  to  assist  in  establishing 
absolute  radiance  magnitudes.  A circular  variable  filter  (C\'l')  infrared 
sjiectrometer  is  included  as  a low-resolution  instrument  in  the  2.  0-  to  fi-um 
range  supplemental  to  thi>  interferometer.  I'he  ultraviolet/visible  spectrometer 
monitors  a number  of  emissions  providing  diagnostics  of  the  electron-beam 
dosing  magnitude.  'I'he  ultr;iviol(‘t  and  optical  emissions  indicated  in  Table  fi 
also  include  a number  of  emissions,  N(“D)  and  N(“I’),  considered  precursor 
siiecii'S  tf)  the  N't  > infrared  chemiluminescence.  Otlier  enii.ssions  included  in 
Table  .)  provide  a monitor  of  ambient  atmospheric  conditions  of  relative  species 
concent  ration  (N.^,  (>,,,  < ),  and  ('1)2^  kinetic  temperature. 

Two  cameras,  located  in  the  instrument  bay,  are  proposed  to  document  the 
electron-beam  deposition  geometry  and  tlie  viewing  aspect  of  the  optical  and 
infrart-d  sensors  relative  to  the  primary  electron  deposition  region.  The  two 
cameras  consist  of  a narrow,  apiiroximately  10  deg,  and  wide  angle,  100  deg, 
field  of  view  .system  coaligned  with  the  optical  and  infrared  sensors.  With  the 
radiance  magnitudes  indicated  in  Table  fi,  commercially  available  films  with 

f/ 2 tenses  would  record  meaningful  image  densities  with  exposures  on  the  order 
24 

of  a few  milliseconds.  An  exposure  seipience  based  on  preflight  estimates  of 


24.  Kofsky,  I.  I,,  and  .Sluder,  K.  li.  (1 07fi)  Photometries,  Inc.,  I.exington,  Mass. 
Private  communication. 


HOUi-co  i'u<lianc('  and  selected  to  record  a wide  d\namic  raiiye  of  radiance  would 
be  conti'(dled  in  fliyht  by  an  intervaloiiK'ter.  I h('  camerafi  recor  d the  near-field 
el«'ctron-l)i'am  deposition  (>eometi-v  and  the  optical  sensor  viewitiK  direction,  'niis 
information  is  rcf|uired  in  the  interpretation  of  absolute  radiances  mr-asiired  by 
tlie  photoiiH'ters  and  radiometers  with  mven  optical  alignments.  The  pbotoyraphic 
systems  obviously  assume  successful  i-ecover\  of  the  insti’ument  ba>  . 

II.  (.KOI  Mt la.^HMimcxi, 

In  previous  launches  in  the  KXCKDK  proi;rain  (jround-based  optical  systems 
included  film  and  television  cameras,  a two-color  telephotometer  systmii,  and  an 
iniaf’e  intensified  spectrofjraph.  In  I'inures  .'i  and  4 results  from  (»rouiid-based 
cameras  used  in  the  I’HKCIMJK  launch  are  given. 

Spectra  of  optical  emissions  induced  b%  the  i’li  K(  !K1  )K  (>lectron  accelerator 
were  obtained  using  a ground-liased  objective  mode  image-intmisified  spectro- 
graph with  film  recording.  Ihis  instrument,  designed,  fabricated,  and  operated 
in  the  field  by  IIS.S,  Inc.,  was  designated  tbe  f'ygnus  spectrograph.  I’recision 
radar  controlled  tracking  by  VVSMH  allowed  long  exposure  times  without  intro- 
ducing image  motion  smi'aring.  Optical  wavelength  ctwerage  extended  from  1200  i 
to  il.'iOOrt  and  tlie  specti'al  resolution  was  10k.  A 2-sec  exposuri'  of  the  image 
intensified  spectrograph  is  shown  in  figure  11  for  a payload  altitude  of  02  km 
during  the  descent  tra.jectory.  'I'he  absolute  radiometric  scale  of  the  data  is  based 
on  laboratorv  calibration  with  an  irradiance  .standard.  Corrections  were  made  for 
atmospheric  attenuation  bt  Hayleigh  and  aerosol  scattering  but  not  molecular 
band  absorption. 

The  prominent  molecular  features  of  the  spectra  arc  the  4278  i (0-1)  and 
4700  A (0-2)  bands  of  tbe  N IN  system,  18  bands  of  the  tv  1 , 2,  and  3 sequences 

^ 4 

of  the  1 I’  systi'in,  and  bands  of  the  tv  2 and  3 sequences  of  N^  Meinel 
system.  I'he  .\J  Meinel  and  the  ''2**'  •‘’.''’If'b'-'’  show  the  effects  of  collisional 
deactivation  in  the  80-  to  110-km  altitude  range. 

Die  .).'i77A  0(*.S)  afterglow  produci-d  a tail  in  the  spectrographs  extending 
from  the  otherwise  point  image  spectra.  .Spatial  scans  along  this  tail  showed  the 
exponential  decay  of  this  forbidden  line  over  a 1 -sec  interval.  Measured  decay- 
times  incluile:  O.fil  si“c  at  113km,  0.40  at  103km,  and  0.2')  at  89km,  in  general 
agreement  with  the  ti‘l<‘photometer  results. 

The  l’lll-;( 'KDK  experiment  included  a ground-based  two-channel  telephoto- 
meter measurement  of  the  time-dependent  emission  rate  of  N,^  IN  3!M4i  and 
0(*.S)  '■).')77  J!.  radiation  induced  in  the  night  atmosphere  by  the  rockethoriu-  2-kW 
electron  accelerator  (figure  12).  The  telephotometer  shared  a common  tracking 
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PWECEDt  FXPERIWFNT-CYOrjUS  ‘oPECTHO'jPAPfi 
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I''igurE>  I 1 . I{f?.sults  from  ttio  Imago  Intonsifiod 
Spectrograph  Designed,  Kahricated,  and  Opc'rated 
by  liSS,  Inc.  of  Uedford,  Mass. 


Figure  12.  Teleplujtometer 
Measurement  of  the  3914  A 
anEi  0('S)  ,'j.'j77  A Time  DepE-n- 
dent  Emission  Induced  at  102 
and  8U  km  by  the  2-k\V  ElE-ctron 
AccelE-rator,  Square  Wave 
Modulated  at  0.  .a  Hz.  The 
effects  of  CEiIIisional  deactivation 
are  apparent  in  the  rc-duced 
emission  of  0(*.S)  at  the  lower 
altitude 
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muimt  with  tin'  imat;<’*iiit<'n.sirit’d  sopcf rograph  arraiiK<‘<l  to  view  tlio  dosed  atnio- 
sptiere  such  that  it  presented  a minimal  apparent  source  size.  I’hoton  count 
rates  in  tlie  rantje  of  I to  8 v 10'  counts  per  sec  were  recordi-d  for  tlie  8014-  and 
i7T-A  emissions.  Monitors  of  tlie  electron  accelerator  power  have  heen  com- 
hined  with  telephotometer  calibration  to  determine  the  radiant  efficiency  for 
IN  801  lA  production  h\  8.  i-k\'  electrons  in  the  80-  to  120-km  altitude  range. 
Several  stars  providing  count  rates  comparable  to  th<>  electron  source  and  of 
similar  azimutfi  and  I'levation  were  monitored  to  calibrate  the  system  absolutely, 
including  ttie  effects  of  atmospheric  extinction.  A |)reliminary  value  of  4.2  ' 10 
IS  given  for  801  4A  electron  induced  luminous  efficiency  in  the  altitude  range  80  to 
120km.  The  time  dependent  0('s)  emission  data  has  been  analyzed  in  terms 

of  production  and  loss  processes.  At  altitudes  near  apogee  (!20km)  it  is  apparent 
0(*.S)  emission  is  [iroduced  In  consecutive  reactions  with  the  reaction  of  \.,(A) 
and  Othe  |)rimary  production  process.  At  lower  altitudes  other  |)rocesses 
become  increasingly  important. 

Sillier  Cygnus,  an  improved  version  of  the  Cygnus  sp<-ctrogra|ih,  has  liecn 
designed  and  fabrication  has  been  initiated.  .Specifications  for  both  spectrographs 
are  com[iared  in  Table  f.  'Hie  spectra  shown  in  f igure  1 1 represent  a 2-sec 
exposure  of  a 2-k\V  electron  accelerator.  Kffective  deployment  of  the  .Super 
Cygnus  spectrograph  in  support  of  the  I'id-kAA  t-lectron  accelerator  poti-ntially 
represi'iits  an  increase  of  a factor  of  H00  m tlie  film  exposure  rate  over  tlie  Cygnus 
spi-ctrograph  results  for  atomic  emissions  in  the  I’HKCKliK  experiment.  The 
increased  measurement  capalulitv  is  due  to  the  combiiKsi  effi-cts  of  accelerator 


'Table  h.  lmag<--lntensified  ( iround- Haseil  .Spectrographs 


I’arami'te  r 

Cy  gnus 

Super  Cy gnus 

Wavelength  range 

4200  to  H .00  i 

4 200  to  7 .00  A 

Itesolution 

loii 

1 A 

Helative  aperture 

f/  1 . r, 

f/l.  . 

field  of  view  (variable) 

0.  t to  2.0 

0.  > to  2.  0 deg 

Image  inteiisifier 
radmnt  power  gam 

40,  000 

10, 000 

l•■ilm  format 

70  mm 

70  mm 

Kxposure  times  (optional) 

1,2,  1,  10.  20  sec 

1 , 2,  .,  in,  20  sec 

Kelativr’  system 
sensitivity 

1 

1 1 

.8.') 


povvor  ami  relative  system  sensitivity.  The  potential  increase  in  system  per- 
formance prov'icles  an  opportunity  to  precisely  monitor  the  altituiie  (iet>endence  of 
all  the  atomic  and  molecular  features  indicated  in  l-'inure  1 1 as  well  as  a larue 
numlx'r  of  less  prominent  atmospheric  emissions.  A calculation  based  on  esti- 
mated pei  formance  characteristics  of  the  KXCKDK  II  accelerator  and  .Super 
Cyenus  indicates  that  the  N’(^l))  doublet  at  Til  98.  a and  .')290.  7 A is  resolved  and 
provides  count  rates  at  the  image  intensifier  photocathode  on  the  order  of  several 
hundred  photoelectrons  (ler  resolution  element  in  a -1-sec  ex()osure.  The  cal- 
culation assumes  a [layload  altitude  of  110km  and  the  cylindrical  120-kW  electron 
source  is  viewed  with  a 10  to  1 aspect  ratio.  The  intensified  spectrogra|)li, 

anticijiated  to  be  source  photon  noise  limited,  |)rovides  a ground-based  measure 
2 

of  the  \(“D)  emission  with  an  uncertainty  of  10  percent  or  less  for  the  case  con- 
sidered. A ground-based  measurement  of  the  N'(^U)  altitude  emission  profile 
provides  an  independent  measurement  of  this  specie  (considered  the  precursor 
source  of  vibrationally  hot  nitric  o.xide)  to  support  the  payload-hased  infrared 
measurem  ents. 

IJ.  (.ONt.I.l  SIONS 

I he  proposed  KXdKlJK  II  experiment  studies  the  detailed  band  profiles  of 
the  short-wave  infrared  emissions  induced  in  the  80-  to  120-km  altitude  range 
by  a rocketborne  120-k\V  electron  accelerator.  The  experiment  is  an  extension 
of  the  technique  succes.sfully  used  in  the  three  initial  launches  in  the  KXCKDK 
program.  The  estimated  radiance  of  the  infrared  emissions  is  anticiiiated  to  be 
readil>  measured  by  both  the  interferometer  and  the  circular  variable  filter 
s|)ect roiTK'ter . Kmphasis  in  the  pro|iosed  experiment  is  the  sjiectral  measure- 
ment of  ultraviolf-t,  optical,  and  infrared  electron-induced  emissions  rather  than 
the  photometric  and  radiometric  measurements  used  in  the  initial  experiments. 
Advantages  inherent  in  the  spectral  measurements  include  the  unambiguous 
identification  of  the  radiating  si>ecies,  the  [irecise  measurement  of  relative 
radiances  by  a common  detection  systtim,  and  the  measurement  of  detailed  mole- 
cular band  profiles.  The  magnitude  of  the  atmospheric  emissions,  the  capability 
of  ground  support  systems,  and  the  engineering  design  of  the  proposed  experiment 
are  extensions  of  the  technological  base  established  in  the  earlier  K.XCKDK 
launches. 
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